We point out a deficiency in our previous analytic calculation of the ion drag force for conditions of the experiment by Nosenko et al. ͓Phys. Plasmas 14, 103702 ͑2007͔͒. An inaccurate approximation is corrected and the ion drag force is recalculated. The improved model yields better overall agreement with the experimental results as compared to the original calculation. © 2009 American Institute of Physics. ͓DOI: 10.1063/1.3122049͔
In a recent paper Nosenko et al. 1 measured the ion drag force acting on dust grains of different sizes in a lowpressure ͑collisionless͒ argon plasma. In this experiment the plasma was generated in a hot-filament direct current discharge with multidipole magnetic confinement. The grains ͑spherical particles͒ were dropped into the plasma and allowed to fall due to gravity. Their trajectories were deflected by the ion drag force associated with the momentum transfer from argon ions drifting in the axial ambipolar electric field naturally present in the discharge. Since other forces acting in the axial direction were negligibly small in this experiment, the ion drag force could be easily calculated from the angle of grain deflection.
Measurements of the plasma parameters made using a planar Langmuir probe allowed us to perform a detailed comparison with theory. Although a reasonable agreement between theory and experiment had been reported, it turned out later that one of the approximations used in the theoretical model was inappropriate. The purpose of this brief communication is to point out a flaw in our previous argumentation and report the recalculated theoretical values of the ion drag force. We demonstrate that the improved model yields an overall better agreement with the experimental results.
First, let us briefly remind the main features of the experiment described in Ref. 1, which determine the choice of the approximations employed in the theoretical model. The experiment was performed at very low pressures of argon in the range of 0.2-0.8 mTorr. At these pressures the ion mean free path is about three orders of magnitude longer than the ion Debye radius, which ensures that any collisional effects on either grain charging [2] [3] [4] [5] or ion drag force [6] [7] [8] can be ignored. The ion drift velocities in the experiment are in the ͑sub͒thermal range, which implies weak distortion of the potential isotropy around the grain and weak deviation of the ion velocity distribution from the shifted Maxwellian function. 9 The grains used in the experiment are rather big: 40 and 59 m in diameter. Therefore, the charge of the grains, which is approximately proportional to their diameter, is rather high. This implies strong ion-grain coupling: the characteristic length of ion-grain interaction exceeds considerably the ion Debye radius and most of the ion scattering occurs with large angles in a wide grain vicinity. 9 The most natural way to describe the momentum transfer and the ion drag force in the considered parameter regime is the binary collision ͑BC͒ approach. 9 An expression for the ion drag force derived in Ref. 1 using BC approach is
͑1͒
where n and m are the ion density and mass,
is the normalized ion drift velocity, and ‫ء‬ is a characteristic length scale of the iongrain interaction. The latter can be expressed through the effective plasma screening length and scattering parameter ␤ as
where s is the grain surface potential and a is the grain radius. Expression ͑1͒ was obtained as follows. The momentum transfer cross section for the attractive Debye-Hückel ͑Yukawa͒ potential U͑r͒ ϰ exp͑−r / ͒ / r in the limit of strong interaction obtained in Ref. 10 was integrated over the shifted Maxwellian distribution function of ions. The integration could be simplified by making use of the weak logarithmic dependence of the cross section on ion velocity. With a reasonable accuracy we replaced the ion velocity with an "average" velocity v T i ͱ 1+u 0 2 under the logarithm when integrating.
Most of the parameters required to evaluate the ion drag force from Eq. ͑1͒ are either measured in the experiment ͑e.g., n and T e ͒ or can be easily calculated from those. For instance, the ion drift velocity was calculated from the measured values of the electric field; the grain surface potential was calculated using the orbit motion limited approximation. 
2 n is the ion Debye radius. At highly superthermal ion flows u 0 ӷ 1 the ion contribution to the screening vanishes and the effective screening length tends to the electron Debye radius Ӎ De . Since in the considered experiment mostly ͑sub͒thermal ion flow regime was studied, we neglected the effect of ion flow velocity on the effective screening length. ͑ii͒
The effective screening length depends on the strength of ion-grain coupling, 1, 12, 13 and this is the main point of this brief Communication. In Ref. 1 we used a fit to the numerical results by Daugherty et al. 12 to evaluate , but unfortunately without proper adaptation. The point is that the numerical calculations in Ref. 12 were performed assuming monoenergetic ions. An appropriate matching between the case of monoenergetic and Maxwellian ions would be to substitute T i =2E i in the expression for the ion Debye radius 14 ͑here E i is the energy of monoenergetic ions͒. This yields the correct length scale for screening in The results of calculating the ion drag force using the approximation of Eq. ͑2͒ are shown in Fig. 2 along with the experimental results and original theoretical calculations. With this new fit the theoretical values of the ion drag force are somewhat higher and the overall agreement between the theory and experiment clearly improves. Note, however, that the agreement is considerably better for the large grains than for the small ones. A possible explanation for this is that the approximation used for the momentum transfer cross section was obtained for the limiting case of strong ion-grain coupling. 10 It should obviously work better for larger grains. In addition, in integrating this momentum transfer cross section over the shifted Maxwellian ion velocity distribution function, we neglected the weak logarithmic velocity dependence of the cross section. This works better for high ␤, i.e., again for larger grains.
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